Background/Aims: Oral squamous cell carcinoma (OSCC) is one of the most lethal malignancies worldwide and the most common type of oral cancer, characterized by invasive growth, frequent regional metastases, high recurrence, and poor prognosis. In the current study, we investigated the use of long non-coding RNAs (lncRNAs), tumor-specific growth factor (TSGF), and squamous cell carcinoma antigen (SCCA) as potential biomarkers for OSCC screening. Methods: LncRNA expression was measured by microarray analysis in three sets of OSCC and paired normal mucosal tissues. The potential lncRNAs involved in OSCC development were investigated by bioinformatics and verification experiments. We also determined the expression of these potential biomarkers in tissue and serum samples in a case-control study of 80 OSCC cases and 70 controls. Receiver operating characteristics, decision curve analysis, and the combined detection of lncRNA AC007271.3, TSGF, and SCCA were carried out to screen for OSCC biomarkers. Results: A total of 691 lncRNAs (433 upregulated and 258 downregulated) were differentially expressed in OSCC tissues compared with normal controls (p<0.05). Based on Gene Ontology and pathway analysis, we selected four differentially expressed lncRNAs (AC007271.3, AC007182.6, LOC283481, and RP11-893F2.9), and showed that aberrant AC007271.3 levels in OSCC patients were significantly associated with clinical stage, especially in early-stage disease, in an expanded case-control study. The combination of AC007271.3 and SCCA (AUC=0.902, p<0.001) showed significantly better ability to discriminate between OSCC and controls compared with SCCA or AC007271.3 alone. Serum AC007271.3, SCCA, and TSGF levels could also discriminate between OSCC and normal controls with sensitivities of 77.6%, 55.0%, and 63.3%, and specificities of 84.5%, 93.3%, and 66.7%, respectively. Conclusions: These results suggest that AC007271.3, SCCA, and TSGF could be novel circulating biomarkers for the determination of OSCC. However, further validation in large-scale prospective studies is necessary.
Introduction
Oral squamous cell carcinoma (OSCC) is one of the most lethal malignancies and is also the most common oral cancer, accounting for 95% of all oral cancer diagnoses and causing more than 500, 000 deaths per year [1] . OSCC is characterized by invasive growth, frequent regional metastases, high recurrence, and poor prognosis. Tobacco smoking and alcohol consumption are the main etiological factors in OSCC, although other habits such as betel nut and tobacco chewing have also been implicated in Asian populations. Despite the easy access of the oral cavity to examination, up to 60% of OSCC cases remained undiagnosed until an advanced clinical stage. Moreover, despite great progress in its diagnosis and combined treatments, including surgical resection, chemotherapy, radiation therapy, and targeted biological agents, the 5-year overall survival rate of OSCC remains less than 50%; though this can rise significantly to 85.4% in patients diagnosed with early-staged tumors [2, 3] . The early detection of OSCC is therefore key to improving patient prognosis and survival rates.
Blood biomarkers have played an important role in diagnosing and surveying oral cancer compared with invasive tissue biopsies [4] [5] [6] . However, despite the wealth of blood biomarkers for OSCC such as squamous cell carcinoma antigen (SCCA) [7] and carcinoembryonic antigen (CEA), little progress has been made regarding the treatment and early detection of OSCC [8] .
Further clinical investigations are therefore needed to demonstrate the clinical importance of validated predictors of survival, tumor recurrence, lymph node metastasis, and therapy resistance.
Long non-coding RNAs (lncRNAs) are a novel class of RNA transcripts longer than 200 nucleotides and with limited protein-coding potential [9, 10] . Many reports have shown that lncRNAs play important roles in various biological processes and are dysregulated in many diseases, particularly cancer [11, 12] . Aberrant expression of serum lncRNAs has been reported to serve as a potential diagnostic or prognostic biomarker in many malignancies, including breast, colon, pancreatic, and lung cancers [13] [14] [15] [16] .
Circulating RNA in the serum has been used for non-invasive diagnostic applications, instead of tissue biopsies [17, 18] . Increased levels of alkaline serum ribonuclease (RNase) have been detected in cancer patients, especially those with adenocarcinomas and squamous cell carcinomas. However, recent studies showed that circulating RNAs may be protected from RNase degradation by assembly into extracellular vesicles [19] , thus making them remarkably stable [20] . Numerous reports have revealed that several circulating lncRNAs could function as sensitive biomarkers for the early diagnosis of various cancers, such as POU3F3 for esophageal squamous cell carcinoma, HOTTIP-005 and RP11-567G11.1 and their plasma fragments for pancreatic cancer, and H19 for gastric cancer [13, 15, 21] ; however, little is known about the early detection of OSCC. In this study, we aimed to screen for differentially expressed lncRNAs in OSCC, and to perform lncRNA microarray analysis to assess the clinical values of these lncRNAs and the conventional protein biomarkers SCCA, tumor-specific growth factor (TSGF), programmed death ligand 1 (PD-L1), and CEA.
Materials and Methods

Patients and control individuals
Eighty OSCC patients who had not received prior radiotherapy, chemotherapy, or other antitumor treatment, and 70 healthy control individuals were recruited between September 2014 and November 2016. Tumor tissues and matched non-tumor samples (MNT) were randomly selected more than 1.5cm away from patients undergoing surgery at the Department of Oral and Maxillofacial Surgery, NanFang Hospital. Clinicopathological data were also collected at the same time. All OSCC samples were examined by two or more independent pathologists. Tumor stage was determined according to the Union of International Control of Cancer classification. Each sample was placed immediately in RNAwait (SR0020; Solarbio, Beijing, China) and then stored at -80°C until use. Blood samples were collected in dry vacuum tubes and isolated by centrifugation at 5000×g for 10 min, followed by further centrifugation at 14, 000×g for 15 min to obtain 
Microarray profiling
Three paired tissue specimens were obtained from OSCC patients with different clinical stages and differentiated pathologies. All microarray work was performed by KangChen Bio-tech (Shanghai, China) using Arraystar Human LncRNA Microarray V3.0 (8 × 60 K, Rockville, MD, USA), which contains approximately 30, 586 lncRNAs and 26, 109 coding transcripts, and is designed for the global profiling of human lncRNAs and protein-coding transcripts. Labeled complementary (c)RNAs were purified using an RNeasy Mini Kit (Qiagen, Germany). The concentration and specific activity of the labeled cRNAs were measured using a NanoDrop ND-1000 spectrophotometer (NanoDrop, USA) and the acquired array images were analyzed using Agilent Feature Extraction software (version 11.0.1.1). Quantile normalization and subsequent data processing were performed using the GeneSpring GX v12.1 software package (Agilent Technologies). After quantile normalization of the raw data, lncRNAs and mRNAs, for which at least three out of six samples had flags in Present or Marginal ("All Targets Value"), were chosen for further data analysis. LncRNAs and mRNAs that were significantly differentially expressed between OSCC patients and controls were identified through fold-change filtering (≥2.0 or ≤0.5) and using Linear Models for Microarray Data (LIMMA) (moderated t-test, p<0.05) and multiple hypothesis testing (false discovery rate, FDR<0.2).
Bioinformatics analysis
The Gene Ontology (GO) project provides a controlled vocabulary to describe gene and gene-product attributes in any organism (http://www.geneontology.org), covering three domains: Biological Process, Cellular Component, and Molecular Function. Fisher's exact test is used to determine if there is more overlap between the differentially expressed and GO annotation lists than would be expected by chance, with the resulting p-value denoting the significance of GO term enrichment among the differentially expressed genes. Pathway analysis involves functional mapping of genes to Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways. The p-value (EASE score, Fisher's exact p-value or hypergeometric p-value) denotes the significance of the pathway correlated with the conditions. The lower the p-value for GO or KEGG analysis, the more significant the term or pathway (p≤0.05).
Cell culture
The human squamous cell lines SCC9, SCC15, and SCC25, and the normal oral epithelial cell line HOK were obtained from the Institute of Antibody Engineering, Southern Medical University (Guangzhou, China). Cell lines were maintained in DMEM/F12 medium (Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (Life Technologies, Carlsbad, CA, USA). All cells were cultured in a humidified 5% CO 2 incubator at 37°C. After incubation for 3 days, the cells and media were collected separately for RNA isolation. The conditioned media were processed as described for serum collection.
SCCA, TSGF, PD-L1, and CEA assays
Serum concentrations of SCCA, TSGF, and PD-L1 were assessed by conventional enzyme-linked immunosorbent assays (ELISAs), according to the manufacturer's protocols. ELISA kits for SCCA (lot: CSB-E09381h), TSGF (lot: CSB-E08843h), and PD-L1 (lot: CSB-E13644h) were purchased from CUSABIO (Wuhan, China). Each test included a standard control (coefficient of variation, CV <5%). Serum CEA level was detected by radioimmunoassay at the Department of Pathology at NanFang Hospital (Guangzhou, China). A cut-off value of 5 ng/mL was used for CEA. The index tests and reference standards were blinded during detection. No adverse events resulted from performing the index tests. All results here are expressed as the mean ± standard deviation (SD) of three independent experiments.
Real-time quantitative PCR (qPCR) analysis
RNA was extracted from tissues and cultured cells using TRIzol reagent (Invitrogen), and total RNA was extracted from serum or cell culture media using TRIzol LS Reagent (Ambion, Waltham, MA, USA) following the manufacturer's protocol. Serum was separated from venous blood within 12 h. Total RNA was reverse transcribed into cDNA using a PrimeScript™ RT reagent kit with gDNA Eraser (RR047A; Takara, Shiga, Japan) according to the manufacturer's instructions. Standard qPCR was carried out using SYBR® Cellular Physiology and Biochemistry
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Premix Ex Taq™ II (RR820A; Takara) in 20 µL reactions. Quantitative detection of lncRNA was performed using an ABI Step One Real-Time PCR System (Applied Biosystems, San Diego, CA, USA). Briefly, the mixture was incubated at 95°C for 30 s, followed by 40 cycles of 95°C for 5 s, and 60°C for 30 s. Each sample was analyzed in triplicate and the specificity of each PCR reaction was confirmed by melting-curve analysis. The expression levels of lncRNAs were normalized to the internal control GAPDH, and then calculated using the 2 −ΔΔCT method.
Statistical analysis
Data are presented as the mean ± standard error (SE). Measured data were compared between groups using Student's paired t-tests or analysis of variance. Relationships between two groups were tested by Pearson's or Spearman's correlation analysis. The prediction value was calculated by receiver operating characteristic (ROC) curve and decision curve analyses (DCA). Survival was analyzed using a Cox proportional hazards model. All statistical analyses were performed using SPSS software (version 22; IBM, Armonk, NY, USA) and presented graphically in GraphPad Prism 5.0 (GraphPad, La Jolla, CA, USA). All tests were two-tailed and p<0.05 was considered statistically significant.
Results
Differentially expressed lncRNAs and bioinformatics analysis
We conducted lncRNA and mRNA expression profiling of three pairs of OSCC and MNT tissues via microarray analysis. In total, 691 lncRNAs (433 upregulated and 258 downregulated) and 816 mRNAs (342 upregulated and 474 downregulated) were found to be differentially expressed (fold change ≥2 in both groups, normalized intensity of each group ≥5). Data for the lncRNA microarray were collected from databases including the National Center for Biotechnology Information RefSeq, Ensembl database, University of California, Santa Cruz (UCSC), lncRNA database, Gencode, Ultra Conserved Regions, and other related sources in the published literature. Hierarchical clustering analysis (Fig. 1) , scatter and volcano plots were used to visualize differentially expressed lncRNAs (Fig. 2) . Based on the location relationship of nearby coding genes, differentially expressed lncRNAs were classified into several types, including 86 natural antisense, 76 intronic antisense, 411 intergenic, 39 exon sense-overlapping, 31 bidirectional, and 27 intron sense-overlapping.
GO analysis indicated that these gene products were mainly found in the nuclear and extracellular regions (Fig. 3A) and were involved in the biological processes of cell cycle progression, regulating peptidase activity, DNA metabolism, and collagen fibril organization (Fig. 3B) . The molecular functions of these genes included ion binding, protein binding, cation binding, and molecular function regulation (Fig. 3C) . Table  1) . We verified the microarray data by validating the gene expression levels by qPCR in 30 pairs of OSCC tissues and MNT. The expression patterns of 25 lncRNAs were consistent with the microarray data (Fig. 4) , demonstrating their reliability, while the other four lncRNAs were excluded because their expression patterns were inconsistent with the microarray data. AC007271.3, AC007182.6, LOC283481, and RP11-893F2.9 were significantly dysregulated in OSCC tissues compared with MNT (Fig. 5A) .
Predictive potential of AC007271.3 for OSCC
To test the stability of the four significantly dysregulated lncRNAs in OSCC serum, we subjected serum samples to harsh conditions including longer incubation at room tempera- 
ture, repeated freeze-thaw cycles, and RNase A digestion. These treatments had little or no impact on the serum concentrations of AC007271.3 and LOC283481, which were therefore selected for further study. In contrast, AC007182.6 and RP11-893F2.9 were degraded by these treatments and were not studied further (Fig.  5C) . We determined AC007271.3 and LOC283481 expression in three OSCC cell lines (SCC9, SCC15, and SCC25), one human oral epithelial cell line (HOK), and in conditioned culture media. Compared with HOK cells, AC007271.3 was up-regulated approximately 2-fold in OSCC cell lines, and the AC007271.3 level in the culture medium from OSCC cell lines increased with increasing cell count (0.5-2 × 10 6 cells per well) and incubation time (1-3 days) (Fig. 5E ). These results suggested that serum AC007271.3 may be secreted by tumor cells. In contrast, LOC283481 expression levels did not differ significantly between OSCC and HOK cells, and this lncRNA was therefore excluded from further studies. Serum AC007271.3 expression differed significantly between before and 14 days after surgery (p=0.002) (Fig. 5D) , and there was a significant correlation between serum and tissue AC007271.3 levels (r=0.639, p<0.001). We therefore inferred that serum AC007271.3 Fig. 5B ), indicating that it is was a potential OSCC biomarker.
Correlations between circulating AC007271.3, SCCA, TSGF, CEA, and PD-L1 levels and clinical characteristics
We explored the correlations between clinical characteristics and serum AC007271.3, SCCA, TSGF, CEA, and PD-L1 levels in OSCC patients following qPCR analysis of serum samples from 80 OSCC patients. AC007271.3 overexpression was significantly associated with degree of pathological differentiation (p=0.022), clinical stage (p=0.005), lymphatic metastasis (p<0.002), and smoking history (p=0.011) but not with age, sex, or alcohol history ( Table  2) . Serum SCCA, TSGF, and PD-L1 levels also differed significantly between OSCC cases at different tumor stages, differentiation stages, and with or without lymphatic metastasis. However, there was no significant association between CEA and any clinicopathological parameters.
Combined detection of serum OSCC tumor markers
To determine if AC007271.3, SCCA, TSGF, CEA, and/or PD-L1 were potential tumor markers for OSCC, we measured their serum levels in 80 OSCC patients and 70 healthy controls by qPCR and analyzed the ROC curves and area under the ROC curves (AUC), as well as the correlations among the five potential tumor markers (Fig. 6A) .
The ROC curves illustrated a strong separation between OSCC patients and controls for AC007271.3 (AUC, 0.873; 95% confidence interval (CI), 0.815-0.931; p<0.001), compared with the classic tumor markers SCCA (AUC, 0.719; 95%CI, 0.635-0.804; p<0.001) and TSGF (AUC, 0.648; 95%CI, 0.554-0.742; p<0.05). Moreover, serum AC007271.3, SCCA, and TSGF levels could discriminate between OSCC and normal controls with sensitivities of 77.6%, 55.0%, and 63.3% and specificities of 84.5%, 93.3%, and 66.7%, respectively, while serum PD-L1 levels were less specific (39.1%) and CEA levels were less sensitive (40.0%) for the detection of OSCC. We further improved the diagnostic accuracy by using parallel combinations of these biomarkers; i.e., samples were defined as positive for OSCC if any markers in the combination were above the cut-off value.
Interestingly, all three markers (AC007271.3, SCCA, and TSGF) in the combined indices exceeded 1 or 2 with regard to OSCC detection (AUC, 0.917; Fig. 6B ). DCA was used to evaluate the reliability of the predictions using these clinical biomarkers alone or in combination, taking into account adjustments for polymorphisms, age at diagnosis, gender, smoking status, and alcohol consumption, and showed a moderate benefit of incorporating AC007271.3, SCCA, and TSGF with clinical variables for high threshold probability (Fig. 7) .
Moreover, the combination of AC007271.3 and SCCA could be used to distinguish between early-stage OSCC patients and controls to a clinically satisfactory degree compared with conventional tumor markers (AUC, 0.936; 95%CI, 0.882-0.990; p<0.001) (Fig. 6C, D) .
Postoperative tumor recurrence and metastasis are major causes of death in OSCC patients. Twelve patients in the current study died (two of the twelve who died experienced recurrence) during the follow-up period (6-37 months). The survival time for each patient was defined as the interval between the date of definitive resection and the date of last followup or death. Multivariate survival analysis using the Cox proportional hazards model showed that the combination of serum AC007271.3 and SCCA was an independent prognostic factor for survival in patients with OSCC (Table 4) . Survival curves are shown [21] [22] [23] . However, despite this progress, the precise functions and mechanisms of lncRNAs in OSCC remain unclear. We therefore compared the gene expression profiles of OSCC and paired MNT tissues using microarray analysis, to identify lncRNAs with functions in OSCC carcinogenesis.
The microarray results suggested that the OSCC characteristics of invasive growth, frequent regional metastases, high recurrence, and poor prognosis could be related to differential expression of lncRNAs. GO analysis of the dysregulated lncRNAs indicated that their gene products were typically found in the nuclear and extracellular regions and that the enriched lncRNAs mainly regulated biological processes such as cell cycle progression, peptidase activity, DNA metabolism, and collagen fibril organization. The target gene pool mostly included ion binding, protein binding, cation binding, and molecular function regulators, indicating that the dysregulated lncRNAs may play vital roles in cell adhesion and migration in OSCC. Furthermore, pathway analysis showed that the dysregulated lncRNAs participated in 26 signaling pathways, of which several were associated with OSCC carcinogenesis, including ErbB signaling (hsa04012), adherens junctions (hsa04520), and TNF signaling (hsa04668) pathways.
Recent studies have shown that lncRNAs can be released from tumor tissues into the circulation and are detectable in the blood, urine, and sputum of cancer patients. This suggests that some cell-free lncRNAs carry regulatory signals involved in pathological conditions such as tumor occurrence, invasion, and metastasis, and might thus be potential biomarkers for cancer [24] [25] [26] . Indeed, researchers have identified three circulating lncRNAs, Linc00152, CFLAR-AS1, and POU3F3, as potential biomarkers for predicting the development of human esophageal squamous cell carcinoma [27] . Furthermore, levels of the circulating lncRNAs AK001058, INHBA-AS1, MIR4435-2HG, UCA1, and CEBPA-AS1 were significantly higher in gastric cancer patients compared with healthy controls [28] . However, to the best of our knowledge, no clinical studies have reported on circulating lncRNAs in OSCC to date.
We conducted a genome-wide lncRNA screen of OSCC and MNT tissues. All lncRNAs of interest were subjected to qPCR validation, and four (AC007271.3, AC007182.6, LOC283481, and RP11-893F2.9) were identified as significantly dysregulated in tumor compared with MNT tissues. AC007271.3 and LOC283481 remained stable when subjected to harsh conditions, making them better candidate biomarkers for clinical settings. Furthermore, serum AC007271.3 levels appeared to reflect tumor expression levels, providing strong evidence to suggest that OSCC-related lncRNAs could be released into the circulation. Overall, these results suggest that lncRNA expression profiles could be used as diagnostic markers for OSCC. Interestingly, most OSCC patients had significantly decreased AC007271.3 levels after surgery (p=0.002). We further investigated the correlations between AC007271.3 expression Cellular Physiology and Biochemistry
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and clinicopathological characteristics, and we showed that high AC007271.3 levels were correlated with smoking history, pathological differentiation, lymphatic metastasis, and advanced tumor stage, which corresponded well with our in vitro experiments. Other recent work similarly reported that secreted lncRNAs were associated with tumor stage in the detection of gastric cancer [29] . New methods for the early detection of OSCC are urgently needed to improve patient outcomes; however, no effective early diagnostic biomarkers have yet been identified. Serum biomarkers such as SCCA, TSGF, CEA, and PD-1 have been used as clinical biomarkers for the early diagnosis of many tumors, because they can be detected with high levels of sensitivity and specificity. However, although recent studies showed that serum SCCA was the best available biomarker with a sensitivity of 80% in OSCC patients, its specificity was less than 60% [30] [31] [32] . We therefore tested the diagnostic abilities of combinations of these biomarkers for OSCC and showed that the combination of AC007271.3, SCCA, and TSGF discriminated between OSCC and controls with high sensitivity (80.0%) and specificity (93.1%). Optimal cut-off values based on ROC curve analysis showed that this combination could facilitate the clinical screening and diagnosis of OSCC. Moreover, DCA of prediction reliability revealed a moderate benefit to incorporating clinical variables to achieve a high threshold probability in the presence of polymorphisms. These analyses indicate the need to detect AC007271.3, SCCA, and TSGF in patients with suspected OSCC. However, TSGF is also a wide-spectrum biomarker with increased serum levels in acute inflammation, collagen diseases, and other clinical conditions. Our ROC and survival analyses thus showed that the combination of AC007271.3 and SCCA was most suitable for the early diagnosis of OSCC.
Levels of traditional cancer biomarkers are generally affected by many other diseases and factors. In this preliminary work, we showed that serum lncRNA levels are associated with the pathogenesis of OSCC and that the combined detection of lncRNAs with traditional biomarkers (SCCA and TSGF) is important for the determination and early diagnosis of OSCC. However, further large-scale investigations are required to confirm these findings and to explore the biological functions and molecular mechanisms of AC007271.3 in the pathogenesis of OSCC.
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